Abstract. Zebrafish provide a rapid and effective means for assessing gene function in the vertebrate nervous system. By employing gain-and loss-offunction techniques it is possible to obtain insights into the roles of both wild-type and heterologously expressed genes. Such approaches enable rapid progression from gene discovery to gene expression and finally to gene function even when examining development of a tissue as complex as the nervous system. Exploiting the full potential of zebrafish as a bioassay for the nervous system will require, not only an
Introduction
Conservative estimates indicate that the vertebrate brain differentially expresses ~20% of the genome during development [1, 2] . It is not surprising that at some point many molecular, cell and/or developmental biologists find themselves investigating a gene displaying an interesting expression pattern in the nervous system. The real challenge in the postgenomic period is moving rapidly from gene expression data to gene function. The mouse is traditionally the vertebrate model of choice for these investigations, mainly because of the power of transgenic, knock-in and knock-out techniques. However these reverse genetics approaches are time consuming (in terms of labour hours, generation time, and age to sexual maturity) and can sometimes be prohibitively expensive in mice. An alternative strategy, and one which has been gaining considerable popularity, is to complement studies in mice with more rapid analysis in another vertebrate animal model, zebrafish.
Zebrafish as a bioassay
The use of zebrafish to rapidly answer questions about gene function in vivo has enormous potential. Zebrafish are a convenient and effective bioassay for analysing both gene function and regulation. Light induces zebrafish to mate and typically within 30 minutes of the stimulus hundreds of eggs are laid and fertilized. These eggs are easily collected and then subsequently microinjected with either in vitro transcribed mRNA or plasmid DNA constructs. Although transgenic animals can now be routinely generated [3] , many labs are content with the transient nature of expression provided by the cytoplasmic injection of either mRNA or plasmid DNA. The neural plate is present by 10 hours post-fertilization and at 16 hours the neural tube is segmenting into its major subdivisions [4] . This rapid development occurs well within the timeframe of robust expression from either injected transcripts or DNA which makes the zebrafish embryonic nervous system an appropriate bioassay for analysis of gene function.
While some argue that expressing heterologous proteins in zebrafish provide little insight into the function of this molecule in the parent organism, others have taken the initiative and used zebrafish to reveal functionally and developmentally significant properties of novel proteins. A notable example is work on understanding the genetic basis of holoproencephaly, a common congential malformation of the forebrain. Human CFC1, a cofactor for Nodal signalling, was implicated in this syndrome, however no mutations had been found in this gene. Recently, two new mutations in TDGF1, another Nodal cofactor, were identified as being associated with holoproencephaly [5] . To quickly gain an insight into the role of these mutations, de la Cruz et al. (2002) used a gain-of-function approach to rescue zebrafish oep mutants (which have severe germ-layer defects Methods in Cell Science 25: 1-6 (2003 Zebrafish, rather than Xenopus laevis, is now the preferred alternate vertebrate model of choice for gain-of-function studies. In fact, in some cases, they are proving to be superior to mouse, particularly for large-scale mutagenesis. Zebrafish are small and easy to maintain, allowing very large numbers to be housed cheaply. Unlike their Xenopus counterparts, they are diploid and their short generation time and easy breeding makes them highly amenable to molecular genetic studies. They are also particularly attractive for developmental studies, not only because of rapid embryogenesis, but also because of their transparency which simplifies screening for mutant phenotypes. This same transparency also makes these embryos highly desirable models both for expression profiling by in situ hybridization, and for expression cloning screens to identify gene function.
Taking advantage of possible drawbacks with zebrafish
Zebrafish are, of course, not without their disadvantages as an animal model. Teleosti, of which zebrafish are a member, diverged from tetrapodea (e.g. Xenopus and mouse) about 450 million years ago [7] and appear to have a duplicated genome [8, 9] . For instance, zebrafish have seven Hox clusters whereas in mice there are only four. This event probably occurred no more than about 450 million years ago, sometime after divergence of Actinpterygii (ray-finned fishes; includes zebrafish) from Sarcopterygii (lobe-finned fishes and Tetrapods; includes Xenopus and mouse). Not all duplicated genes were retained by zebrafish, so it should not be assumed that there are two zebrafish genes for every ortholog in mouse [10] . The precise number of duplicated genes that have been retained awaits further genomic sequencing data [11] . Arguments that understanding gene function in zebrafish will only reveal erroneous redundant and species-specific roles may therefore be unfounded.
Rather than being considered a drawback, duplicated genes can actually provide a real advantage to understanding gene function. Important insights into both the potential function of specific protein domains in mouse orthologs can be achieved should the zebrafish co-orthologs take on distinct expression patterns and developmental roles, so called sub-functionalisation (e.g. see [12] ). This sub-functionalisation probably arises because of mutations in cis-regulatory elements which alter expression patterns while leaving the protein able to perform functions specific to the region it is expressed in. The restricted expression of zebrafish co-orthologs in distinct subregions of a tissue in comparison to mouse orthologs may lead to a better understanding of developmental relations in cell lineage and tissue patterning in mouse (e.g. see [13] ). Alternatively, the sequences of protein domains in zebrafish coorthologs may also diverge sufficiently to reveal new functions, referred to as neo-functionalisation.
Gain-of-function strategies in neurobiology
Transient expression assays using in vitro transcribed mRNA are commonly used for gain-of-function studies in zebrafish. This approach has the advantage of producing near homogenous expression in the embryo from the earliest stages of development ( Figure 1a ). Both immunostaining (Figure 1b, c) and in situ hybridisation [14] screening of the nervous system from injected animals provides a detailed insight into phenotypic consequences of mis-expression. While widespread expression is clearly of benefit, this penetration can sometimes produce early deleterious effects that non-specifically affect downstream patterning and differentiation. This is a problem when there are gross phenotypic defects in the body axis which indirectly perturb the nervous system. We have previously circumvented this by regulating the mRNA titre and by only examining those animals with normal body axes. Injecting into later stage blastomeres is difficult since up to the 8-cell stage, blastomere divisions are not complete and reporter molecules can still diffuse throughout the embryo. The ability to control the spatiotemporal expression of mRNA and limit phenotypes specifically to the nervous system would clearly be beneficial. The introduction of caging technology which allows RNA to be released by photo-illumination looks like a promising method to restrict expression to select regions of the brain [15] .
Plasmid DNA has been used to overcome difficulties associated with the widespread expression obtained with injection of RNA transcripts. Plasmid constructs containing cDNAs under the control of either ubiquitous or cell/tissue-specific regulatory sequences are injected into the fertilized egg. Incorporation into the genome is rare and in most F0 embryos the plasmid remains extrachromosomal. When using ubiquitous promoters this expression is not detected until ~5 hours post fertilisation [16] , which is after the mid-blastula stage (512 cell stage)
